Introduction {#section5-0269215520927454}
============

Within the UK, approximately two-thirds of all stroke survivors are left with some form of long-term disability^[@bibr1-0269215520927454]^ Stroke therapy, compromising physiotherapy, occupational therapy, speech therapy, and psychology are key to both patient recovery and their long-term quality of life.^[@bibr2-0269215520927454]^ There is substantial evidence that stroke therapy is effective when provided intensively, thus the National Clinical Guideline for Stroke recommend that "People with stroke should accumulate at least 45 minutes of each appropriate therapy every day, at a frequency that enables them to meet their rehabilitation goals, and for as long as they are willing and capable of participating and showing measurable benefit from treatment."

This amount of therapy is rarely achieved, however,^[@bibr3-0269215520927454]^ which is a major cause of service users' dissatisfaction with stroke services.^[@bibr4-0269215520927454]^ It has also been attributed to poorer outcomes in the United Kingdom compared to other European countries which provide more therapy even when confounding variables (such as stroke severity) were controlled.^[@bibr5-0269215520927454]^ Recent research has indicated that although staffing levels may play a part in the amount of therapy provided, organization is also an important factor.^[@bibr6-0269215520927454]^ Our aim was therefore to investigate the variation in the amount of stroke therapy during inpatient stroke care provided using data from Sentinel Stroke National Audit Programme (SSNAP)^[@bibr3-0269215520927454]^ to identify the factors associated with the amount of therapy delivered.

Methods {#section6-0269215520927454}
=======

Full details on the SSNAP are found elsewhere.^[@bibr6-0269215520927454],[@bibr7-0269215520927454]^ In short, SSNAP collects information on over 95% of stroke hospital admissions (≈80,000/year) in England, Wales, and Northern Ireland. The programme has three components: a patient-level audit which records personal and clinical data about each stroke patient and the care they receive from entering hospital for the duration of their care by a specialist stroke team and up to six months poststroke^[@bibr7-0269215520927454]^ and two organizational audits of acute stroke care^[@bibr8-0269215520927454]^ and post-acute care^[@bibr9-0269215520927454]^ recorded every two years. Acute care includes hyper-acute and acute stroke care. Post-acute care includes specialist inpatient rehabilitation units and community-based stroke teams. All National Health Service (NHS) acute inpatient stroke care teams are required to report to SSNAP's clinical database; however, community-based teams report voluntarily. The organizational audits provide a biennial cross-sectional snapshot of the structural and organizational characteristics of stroke services providing these stages of care. The acute organizational audit from 2014 and the post-acute audit from 2015 were included here.^[@bibr8-0269215520927454],[@bibr9-0269215520927454]^ Other than some overlap for inpatient rehabilitation care, the two organizational audits ask different questions reflecting the different ways services are organized. This meant that analyses relating to inpatient care and community stroke care were performed separately.

Adults who were admitted after a stroke between July 2013 and July 2015 and recorded in SSNAP were included. To focus on stroke patients potentially eligible for therapy, the data were restricted to patients who were inpatients for at least 72 hours and not recorded to be receiving end-of-life care. The clinical database collects information for each stroke team at each stage care, and the organizational audits record information at hospital level, which may include several stroke teams. The two data sets were linked via a codebook provided by SSNAP.

SSNAP maintains rigorous data quality control data checks. Missing data were, however, present in the measure of stroke severity on admission -- the National Institute for Health Stroke Scale (NIHSS).^[@bibr10-0269215520927454]^ Level of consciousness is the only item of NIHSS which is mandatorily completed in SSNAP, and some patients had missing values for the remaining 14 items. For these patients, the score on the 'Level of consciousness' item was used as a proxy measure of stroke severity by mapping the scores to the criteria of the NIHSS used to categorize stroke severity as follows:

-   Level of consciousness score 0 (alert) -- Mild stroke (NIHSS score = 0--4);

-   Level of consciousness score 1 (drowsy but rousable) -- Moderate stroke (NIHSS score = 5--15);

-   Level of consciousness 2 (needs repeated stimulus to rouse) -- Severe stroke (NIHSS score = 16--20);

-   Level of consciousness 3 (unconscious) -- Very Severe stroke (NIHSS score = 21+).

If additional items were recorded, they were added and the patient's severity band adjusted as necessary. Patients were excluded if level of consciousness was recorded as 0 (i.e. alert) but all other NIHSS assessments were missing, as they were thought to be a special set of cases.

SSNAP's acute care audit^[@bibr8-0269215520927454]^ classified inpatient teams as follows: Routinely Admitting Team, Non-Routinely Admitting Acute Team (who do not generally admit stroke patients directly but provide acute care and/or rehabilitation typically after repatriation from a hyper-acute team), or a Non-Acute Inpatient Team (who do not admit patients directly but provide inpatient rehabilitation). To distinguish between Routinely Admitting Teams providing hyper-acute/acute care and those which combine acute care and rehabilitation, we divided them based the team's median length of stay. As SSNAP define acute stroke care as lasting up to seven days,^[@bibr8-0269215520927454]^ this was used. Routinely Admitting Teams with median length of stay less than seven days were referred to as an acute routinely admitting team (i.e. a hyper-acute or acute stroke team), while those with a median length of stay ⩾seven days were assumed to provide combined acute care and rehabilitation.

The amount of each therapy received by patients were estimated separately by fitting a multilevel mixed effects regression model with robust standard errors in STATA version 15.^[@bibr11-0269215520927454]^ To accurately represent the amount of therapy received and reduce reporter bias, therapy was defined as the average amount of therapy per day of stay (i.e. the total minutes of therapy divided by length of stay). Only patients reported to require each therapy were included in the analyses. To account for the lack of independence within patients clustered within stroke teams, a random intercept was fitted alongside fixed patient and organizational factors to represent variation in average amount therapy/day of stay.^[@bibr12-0269215520927454]^ In all models, effect estimates (Coef) and associated 95% confidence intervals (95% CI) were reported for each predictor. The audits were vetted a priori by the study team for factors thought to influence access to therapy or account for any confounding. Potential confounding variables were included in the model as covariates. See [Table 1](#table1-0269215520927454){ref-type="table"} for list of all admission, patient, stroke, therapy, and organization-related factors.

###### 

Variables included as confounding factors in the regression analyses.

![](10.1177_0269215520927454-table1)

  -------------------------------------------------------------------------------------------------------------------------------------------------------------
                                 Variables
  ------------------------------ ------------------------------------------------------------------------------------------------------------------------------
  Admission-related factors      • The number of inpatient stroke teams the patient was treated by (1st, 2nd, 3rd . . .)\
                                 • Time since stroke on admission (days)\
                                 Day of the week and time of day for first admission (fitted as a categorical variable with Monday as the reference category)

  Patient-related factors        • Age\
                                 • Gender\
                                 • Ethnicity\
                                 • Social deprivation\
                                 • Stroke related co-morbidities (congestive heart failure, hypertension, atrial fibrillation, diabetes)\
                                 • Premorbid disability (modified Rankin Scale)\
                                 • Stroke type (infarct/haemorrhage\
                                 • Stroke severity (NIHSS on admission)\
                                 • Stroke Impairment Classification (derived from the NIHSS score on admission)

  Therapy-related factors        • Whether therapy assessments were performed within 72 hours\
                                 • Average amount therapy/day of stay (min/day of stay)

  Organization-related factors   • Was a thrombolysis service in place?\
                                 • Median length of stay per unit\
                                 • Type of stroke team (RATa, RATc, NRAT, NAIT)\
                                 • Number of qualified nurses (WTE/10 beds)\
                                 • Number of nursing support workers (WTE/10 beds)\
                                 • Number of qualified therapists (WTE/10 beds)\
                                 • Number of therapy support workers (WTE/10 beds)\
                                 • No. of therapy disciplines available on six or seven days a week\
                                 • Was there access to social worker within five days?\
                                 • Was there access to ESD team or CRT team?
  -------------------------------------------------------------------------------------------------------------------------------------------------------------

NIHSS: National Institute for Health Stroke Scale; NRAT: non-routinely admitting combined team; NAIT: non-admitting inpatient team (rehabilitation unit); ESD: Early Supported Discharge; CRT: Community Rehabilitation team.

Results {#section7-0269215520927454}
=======

Our database included 94,905 patients. They were typical of the stroke population ([Table 2](#table2-0269215520927454){ref-type="table"}). A total of 183 hospitals responded to the acute organizational audit representing 197 stroke teams (some hospital organizations included more than one stroke team). In all, 82 were an acute stroke team, 78 were a combined team, and 37 were a specialist rehabilitation team. The mean number of stroke beds within each service responding to the acute organizational audit was 28.7 (SD: 12.9, max = 76). Nearly three-quarters (70.4%) had access to an Early Supported Discharge team, and 58% a community rehabilitation team. Most teams (*n* = 100, 56.4%) only provided therapy on week days; 11% (*n* = 21) provided one therapy in an extended service (i.e. over six or seven days per week) and one-third (*n* = 62, 34%) provided an extended service of two or more therapies. The therapies provided and the days on which they are available are not specified in SSNAP. Less than two-thirds (*n* = 112, 61.2%) had access to clinical psychology. Inpatient therapy and nursing staffing levels are shown in [Table 3](#table3-0269215520927454){ref-type="table"}. There were wide variations between the minimum and maximum staffing levels for each profession and the deployment of therapy and support workers.

###### 

Patient characteristics at baseline/admission (*N* = 94,905).

![](10.1177_0269215520927454-table2)

  Characteristic                                 Factor                      Frequency (%)
  ---------------------------------------------- --------------------------- ---------------
  Ethnicity                                      Asian including Chinese     2669 (2.8)
  Black                                          1365 (1.4)                  
  Mixed                                          294 (0.3)                   
  Unknown                                        4620 (4.8)                  
  Other                                          1141 (1.2)                  
  White                                          84,816 (89.0)               
  Stroke severity (NIHSS on admission)           Mild (\<5)                  36,376 (38.3)
  Moderate (5--15)                               37,527 (40.0)               
  Severe (16--20)                                10,505 (11.1                
  Very severe (\>20)                             10,497 (11.1)               
  Stroke-related comorbidities                   Previous stroke/TIA         26,496 (27.9
  Diabetes                                       19,414 (20.5                
  Atrial fibrillation                            21,352 (22.5                
  Hypertension                                   52,400 (55.2)               
  Congestive heart failure                       5690 (6.0                   
  No. comorbidities                              0                           22,673 (23.9)
  1--2                                           59,832 (63.0                
  3--5                                           12,400 (13.1)               
  Assessment within 72 hours of admission        Swallow screen by a nurse   86,591 (91.2)
  Swallow assessment by speech therapist         37,504 (39.5)               
  Communication assessment by speech therapist   40,077 (42.2)               
  Physiotherapy assessment                       83,204 (87.7)               
  Occupational therapy assessment                73,361 (77.3)               
  Total                                                                      94,905

NIHSS: National Institute of Health Stroke Scale; TIA: transient ischaemic attack.

###### 

Staffing levels in inpatient stroke teams.

![](10.1177_0269215520927454-table3)

  Inpatient care period                  Median   Lower quartile range   Upper quartile range   Maximum
  -------------------------------------- -------- ---------------------- ---------------------- ---------
  Nursing WTE/10 beds (qualified)        9.2      7.8                    12.4                   19.5
  Nursing WTE/10 beds (support worker)   5.4      4.6                    6.7                    14.9
  PT WTE/10 beds (qualified)             1.3      1.2                    2                      3.3
  PT WTE/10 beds (support worker)        0.5      0.3                    0.7                    1.6
  OT WTE/10 beds (qualified)             1.1      0.9                    1.8                    2.8
  OT WTE/10 beds (support worker)        0.4      0.2                    0.6                    3.8
  SLT WTE/10 beds (qualified)            0.5      0.4                    0.8                    1.7
  SLT WTE/10 beds (support worker)       0        0                      0.2                    1.1
  Psyc WTE/10 beds (qualified)           0.05     0                      0.3                    1.4
  Psyc WTE/10 beds (support worker)      0        0                      0                      0.5

PT: physiotherapy; OT: occupational therapy; SLT: speech and language therapy; Psyc: psychology; WTE: work time equivalent.

The stroke therapy {#section8-0269215520927454}
------------------

[Table 4](#table4-0269215520927454){ref-type="table"} indicates that physiotherapy and occupational therapy assessments were completed for most patients, while 91% of patients received a swallow assessment by a nurse and 50% by a speech and language therapist. Nearly all patients required physiotherapy and occupational therapy (92% and 87%, respectively), while 57% required speech and language therapy; however, only 5% were considered to need psychology.

###### 

Requirement for and provision of stroke therapy.

![](10.1177_0269215520927454-table4)

  *Therapy characteristic*                                                                        PT                                  OT                          SLT                         Psych
  ----------------------------------------------------------------------------------------------- ----------------------------------- --------------------------- --------------------------- ----------------------
                                                                                                  Inpatient therapy (*N*, med, IQR)                                                           
  Proportion patients required therapy (*n*, %)                                                   87,561 (92.3)                       83,575 (88.1)               54,068 (57.0)               4466 (4.7)
  No. of days in which patients received therapy (*n*, median, IQR, median % of length of stay)   106,294, 5 (2.11), 40%              102,001, 4 (2.8), 31%       67,314, 3 (1.7), 12%        7697, 1 (1.2), 5%
  Duration of treatment per day (min/day treated, *n*, median, IQR)                               106,294, 34.5 (26.6, 45.0)          102,001, 40 (30, 49.8)      67,314, 31.3 (23.3, 44.4)   7697, 42 (30, 53.6)
  Amount of therapy (min/day of stay) received (*n*, median, IQR)                                 106,294, 13.8 (7.5, 21.7)           102,001, 12.9 (6.8, 21.1)   67,314, 6.7 (3.3, 12.3)     7697, 1.9 (0.6, 4.5)
  Amount of therapy (min/day of stay) in RATa                                                     49,667, 13.5 (7.6, 21)              47,509, 12.8 (6.8, 21.0)    31,174, 7.0 (3.5,21.5)      2073, 2.3 (0.8, 5.7)
  Amount of therapy (min/day of stay) in RATc                                                     39,575, 12.5 (7.1, 20.0)            37,671, 12, (6.2, 19.7)     24,078, 6.3 (3.2, 11.3)     2544, 1.3 (0.3, 2.9)
  Amount of therapy (min/day of stay) in NRAT                                                     10,417, 16.8 (9.8, 25.5)            10,243, 15.5 (8.3, 25.5)    7743, 7.9 (3.8, 15.0)       1812, 2.9 (1.1, 6.4)
  Amount of therapy (min day of stay) in NAIT                                                     6635, 17.5 (10.5, 26.8)             6578, 15.0 (8.57, 24.0)     4319, 5.8 (2.4, 12.9)       1268, 2.1 (0.8, 4.1)

PT: physiotherapy; OT: occupational therapy; SLT: speech and language therapy; RATa = routinely admitting acute team; RATc = routinely admitting combined team; NRAT = non-routinely admitting combined team; NAIT = non-admitting inpatient team (rehabilitation unit), *N* = number.

The table involved the records for every stroke team that each individual patient was treated by. As some patients were treated by more than one team, the totals may be greater than the size of the cohort (*n* = 9490).

Most patients (87%) required input from two or three therapy disciplines. The average duration of a therapy treatment session ([Table 4](#table4-0269215520927454){ref-type="table"}) varied from 31 min/day for speech and language therapy to 42 min/day for psychology ([Figure 1](#fig1-0269215520927454){ref-type="fig"}). However, therapy was received infrequently. On average, patients received physiotherapy on only five days of their inpatient stay, averaging 14 min/inpatient day of stay, and only one session of psychology (i.e. an assessment without ongoing treatment) which amounted to an average of 2 min/inpatient day of stay ([Table 4](#table4-0269215520927454){ref-type="table"}, [Figure 2](#fig2-0269215520927454){ref-type="fig"}).

![Box plot of the amount of therapy per day of stay.](10.1177_0269215520927454-fig1){#fig1-0269215520927454}

![Box plot of the average treatment session duration.](10.1177_0269215520927454-fig2){#fig2-0269215520927454}

Supplementary Table 1 reports the influence of each factor on the average amount therapy/day of stay (min/inpatient day of stay). Patient-related factors had the strongest influence. Premorbid disability was associated with less therapy/day of stay than those who were independent. Patients with very/severe strokes received less physiotherapy and occupational therapy per day of stay than those who were more mildly affected, whereas speech and language therapy/day of stay increased. The number of impairments were also important. Patients with a stroke that involved only motor impairments received the most physiotherapy and occupational therapy, with the amount of physiotherapy and occupational therapy decreasing as the number of impairments increased. Patients with cognitive impairments (including aphasia) tended to receive more speech and language therapy than those who did not. Men tended to receive more physical and speech therapy, but less occupational therapy than women, and people from all ethnic minorities received less therapy than 'white' patients.

Although a less strong influence than the personal factors, several organizational factors were associated with the amount of therapy. First, the day and time of admission were important. For all therapies, patients admitted on Sunday received the most therapy; this decreased with each subsequent day of the week. Patients admitted 'out of hours' (00:00--07:59 hours) received more physiotherapy and occupational therapy than those admitted during the day. Connected to this, an extended weekend service was associated with more physiotherapy and occupational therapy per day of stay. Also completion of timely assessments (within 72 hours of admission) for physical, occupational, and speech therapy was associated with more therapy.

The type of stroke team was another important factor. Patients treated by a specialist rehabilitation team received more therapy than those treated by a combined teams, both of which provided more therapy than acute stroke teams. For all four therapies, staffing levels (both qualified and support staff) were an important factor. For every additional staff member (work time equivalent (WTE)/10 beds) patients received 1.35, 3.45, 2.50, and 0.96 more minutes of physical, occupational and speech therapy, and psychology/day of stay, respectively, and 1.66, 1.15, 1.10, and 4.62 more minutes per WTE/10 beds of therapy support worker. Patients in teams with access to an Early Supported Discharge team received 1.56, 1.13, 1.38, and 0.37 more minutes of inpatient therapy per day of stay, while access to a Community Rehabilitation Team received 0.58, 0.21, 0.21, and 0.05 more minutes of inpatient therapy/day of stay than those without access to community teams.

Discussion {#section9-0269215520927454}
==========

The results of this study revealed that most stroke patients receive little therapy and several individual and organizational factors were associated with the amount of therapy received. The amount of therapy was well below the recommended levels of 45 minutes of each relevant therapy per day even with adjustment for need and capacity.^[@bibr3-0269215520927454]^ The frequency of therapy was also low. Given that the average length of stay for inpatients was 11 days, then most patients received very little therapy because the treatment was too short but also too infrequent.

Provision of clinical psychology was very limited. Only 5% were thought to need therapy, which generally consisted of a single assessment session lasting around 45 minutes. Given that the incidence of emotional and cognitive disorders after stroke is around 30%,^[@bibr13-0269215520927454],[@bibr14-0269215520927454]^ this may suggest the need for psychology input is under-estimated, especially where services are not available. This is clearly a suboptimal situation with staffing levels for psychologists approximately half the levels recommended for hyper/acute stroke units in the National Clinical Guideline for Stroke.^[@bibr7-0269215520927454]^ Improved access to psychological services has been raised as a priority by both the SSNAP^[@bibr7-0269215520927454],[@bibr8-0269215520927454]^ and the Stroke Association.^[@bibr15-0269215520927454]^ Our data further illustrate the urgency of this need.

Gender and ethnicity were found to influence the amount therapy received. Although these factors are unmodifiable, the way that these factors are managed can be modified and improved. The apparent disparities between ethnic minorities need to be treated with caution as the proportion of patients from ethnic minorities was small (\~20%); however, our findings concur with a body of evidence that people from ethnic minorities often experience poorer care than the white population.^[@bibr16-0269215520927454],[@bibr17-0269215520927454]^ Further research is needed to better understand the mechanisms behind these possible disparities and how to overcome them.

Several modifiable organizational factors were associated with the amount of therapy received. The day and time of admission may be considered unmodifiable, but the services received throughout the week are. Those admitted to hospital at the beginning of the week received the most therapy/day of stay. Several patterns of variation in the quality of stroke care during the week have been reported.^[@bibr18-0269215520927454]^ Our findings expand these to include therapy. We postulate that the variability during the week seen here is a reflection of the availability of therapists which, for most inpatient services, is limited to the normal working week (8:30 a.m.--4:30 p.m., Monday--Friday). We found patients in a team providing an extended (weekend) therapy service tended to receive quicker assessment and more therapy/day of stay, which can reduce hospital length of stay and costs.^[@bibr19-0269215520927454]^ Further research is needed to establish the most effective model of extended service including optimal skill mix and staffing levels. A key question is whether an effective extended service requires an increase in therapy staffing levels to cover the weekend input or whether spreading the existing therapy workforce to cover the whole week, but more thinly is adequate.

A further modifiable factor was inpatient staffing levels for both qualified and unqualified therapists and nurses. Previous studies have suggested that the amount of therapy received may be secondary to the way that staff workload is organized rather than staffing levels per se: teams which prioritize administration and non-direct contact over the face-to-face contact with patients tend to provide less therapy and may have poorer outcomes.^[@bibr5-0269215520927454],[@bibr10-0269215520927454],[@bibr20-0269215520927454]^ This study is much larger than previous work and is the first study to show such a clear association between staffing and the amount of therapy. The way that stroke rehabilitation teams operate day-to-day has received little research attention and there has been little work to investigate, develop, or implement effective organization-level interventions as most research focusses on the clinical effectiveness of interventions on individual patients' impairments and activities. Such research is clearly warranted, as is work to establish optimal staffing levels.

Further to staffing levels, the type of stroke team was also associated with the amount of therapy received. Specialist inpatient rehabilitation teams provided more therapy than combined stroke teams and all provided more therapy/day of stay than hyper-acute or acute stroke teams, even when case mix was accounted for. This is to be expected and probably reflects the priority given to rapid assessment and organization of early discharge over provision of ongoing 'rehabilitation-focussed' therapy during acute stroke care. This highlights the potential benefit of providing rehabilitation in a stand-alone specialist rehabilitation unit for patients who require ongoing rehabilitation and for whom early supported discharge is inappropriate. The implementation of specialist acute stroke services and centralized hyper-acute services has improved outcomes and the quality of acute stroke care,^[@bibr21-0269215520927454]^ but the provision of inpatient stroke rehabilitation has been neglected.^[@bibr1-0269215520927454],[@bibr22-0269215520927454]^ Further research is needed to investigate the optimal way to configure stroke rehabilitation services for patients with different needs and levels of ability.

Our findings indicate that the patients treated by an inpatient team with access to a community-based therapy team tended to receive more therapy/day of stay while an inpatient than those without access to community therapy. This may be considered counter-intuitive as many therapists consider lack of access to the community therapy to be a reason to extend inpatient stay so that patients can receive the therapy they need. However, this may represent patients who continue to receive therapy, while their discharge is delayed until a place with the community team became available.

Limitations {#section10-0269215520927454}
-----------

Any interpretation of factors associated here with the amount of therapy should be treated with caution. This is an exploratory investigation of a routinely collected observational data, thus no inference of causality can be made. Although SSNAP has stringent quality control processes, it is dependent on the accuracy of the original data entered and may be subject to observer and reporter bias. Inconsistencies in the way that therapists record therapy have been noted previously^[@bibr23-0269215520927454]^ with a tendency to over-estimate the duration of treatment sessions, and so the accuracy of estimates of the amount of therapy should be treated with some caution. However, with such a large data set, any individual bias is unlikely to have a systematic effect. In addition, therapy is reported from the point of view of the therapists, meaning if a patient receives 1 hour of treatment three from three therapists working together, it would be reported as three hours of therapy. We also cannot make any comment on the structure or quality of the sessions being provided based on the information available.

Although we believe the classifications of stroke services and stroke severity used here to be valid, there may be some misclassification in terms of patient location, the designated type of stroke team, and stroke severity. Although our classifications were driven by the data in consultation with experts in the field, we understand any future work would be greatly improved if the stroke team in which the patient is located could be designated to reflect the care received by the patient throughout the inpatient care pathway (e.g. an hyper-acute, acute, combined, or rehabilitation units). Furthermore, the data set used in this project covered a period of change in UK stroke services with many being re-organized to deliver hyper-acute care and specialist community services. This means that some stroke teams may have changed classification during the study period. To prevent possible patient identification, the exact date of admission was not available and so the classification designated by SSNAP at the mid-point of the study (June 2014) was applied meaning potential misclassification in team type for patients admitted at a different time period. To reduce misclassification, an experienced member of the SSNAP team was consulted and the definitions we produced vetted; however, misclassification may still be present. In addition, there may have been classification errors in stroke severity using the NIHSS.

To focus on the clinically important effect, and not the statistical significance, we have reported the effect estimates and corresponding CIs. The large sample size and the large number of statistical tests will increase the presence of a statistically significant result even if a clinically significant one is not present. Although all analyses were preplanned, multiple testing may increase the likelihood of a statistically significant result. A Bonferroni adjustment was considered but if applied might increase a false-negative conclusion.^[@bibr24-0269215520927454]^

In conclusion, the findings of this study indicate that increasing therapy and nursing staffing levels, extending the availability of therapy services outside 'normal working hours', and providing rehabilitation in specialist 'stand-alone' rehabilitation units could increase the amount of therapy provided. Further research is needed to establish how best to achieve this for patients with different levels of need and the impact of implementation.

###### Clinical messages

Provision of greater amounts of stroke therapy is associated with

-   Higher therapy and nursing staffing levels;

-   A weekend therapy service;

-   Specialist stroke rehabilitation teams.
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